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MULTICOMPONENT nDST RIDIAL VArriMFS 
USING SAPONIN ADJUVANTS 

10 

Technical Firid 

The present invention relates generally to vaccine compositions and 
methods of using the same. More spedficaUy, die invention pertains to 
muldconqiKMient clostridial vaccines made viidiout stabilizing cairios or depot 
15 adjuvants, but raUicr widi a readily diqjersibic water-soluble adjuvant, saponin. 

BaclcpmiinH nf rhi. TrYiTPTl>M 

The gwius Clostridium is conqwsed of anaerobic, spore-forming, rod- 
shqjed bacteria. The organisms occur naturaUy in soil as well as in die intestinal tract 
20 of ammals, including man. Padiogcnic strains are acquired either by wound 

contamination or by ingestion. Members of die genus arc responsible for a wide 
variety of diseases whidi. in die absence of vacdnation, cause significant economic 
losses to die farming industry. Such diseases include red water disease, big head, 
Uackleg, die enterotoxemias, infectious necrotic hqatitis, malignant edema, botulism 
25 and tetanus, among odiers. 

Antibiotic treatment of clostridial infectitms is lardy predictable and 
often ineffective. Accoiding^, such infecticms are generally controlled 
prq)hylactically, uang vaccine compositions containing one or more clostridial 
bacterins or toxoids. See, e.g., U.S. Patent Nos. 4,292,307; 4,264,588; 3^79,633; 
30 Webster, A.C, and Rank. CX. (1985) Austral. Vet. J. ^2:1 12-1 14; Kerry. J3., and 
Craig, G.R. (1979) The Veterinary Record 105: 551-554; Steme et al. (1962) The 
Veterinary Record 24: 909-913. Qosiridial toxoids are soluble proteins of relatively 
low antigenicity and, traditionally, poor stability. ITius, clostridial 
vaccines require adjuvants in order to increase antigenic potency and enhance 
35 stability, lb partica]ar,alununumc<«q)ounds,whidi are cs^ble of adsort)ing and/or 
precqntating dostiidial toxtnds, as well as retaining die toxoids at die injection ate, 
are typically used. See, «.g., Thomson, R.O., and Knight, P.A. (197Q Develop. Biol. 
Standard31:26S-269;'Tboaisonetal. (July 26, 1969) The Veterinary Record pp. 81- 
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85. Other potent depot adjuvants, such as water-in-oil emulsions and carbopol, have 
also been used in clostridial vaccines. The above-described adjuvants, although 
increasing antigenicity, usually provoke severe persistent local reactions, such as 
grandomas, abscesses and scaning, when injected subcutaneously or int^ 
5 These local reactions arc, in turn, responsible foe carcass blemish which requires 
expensive trimming, a consideration whra flie vaccine has been injected into muscle 
tissue destined to be a valuable cut of meat 

Saponins are i^ycosidic natural plant products, grouped together 
based on several common properties. The s^nins are surfactants, a charactraistic 
10 illustrated by their tendency to foam when shaken. Saponins are able to lyse red 
blood cells, form complexes with cholesterol and are toxic to fish. Saponins have 
been employed as adjuvants in a number of vaccine compositions including vaccines 
against protozoal infections (U.S. Patent No. 4,767,622), canine distemper vaccines 
(U.S. Patent No. 5,178,862). vaccines against foot and mouth disease, among others. 
15 Awadero/. (1986) >lj«i</Ver. A/erf. /.n:201 -214 describe a comparison of 

conq)onent blackleg vaccines including eitiier alum, aluminum gel with saponin or oU 
adjuvants. However, the use of soluble adjuvants that arc readily dispersed from die 
injection site, and have no depot effect, such as saponin, widi a multicomponent 
cbstridial vaccine, has not heretoforc been described. 

20 

Disclosure of rhft Tnyffpriftn 

The present invention is based on the surprising discovery that the 
water-soluble adjuvant, saponin, can be used in place of a depot adjuvant in 
multiconaponent clostridial vaccines far catdc. The vaccines arc safe and nontoxic. 
25 Accordingly, in one embodiment, die invention is directed to a 

multiccmponent clostridial vaccine composition conq)rising two or morc clostridial 
immunogens and a diq)ersible, soluble adjuvant 

In anotiier embodiment, die subject invention is directed to a 
rxiulticoiiq>Qnrat clostridial vaccine composition coniprism 
30 (a) clostridial hacterins or toxoids derived from each of Ctojrn^^ 

chauwei, Clostridium sq>dcum^ Clostridium novyi^ Clostridium sordelUi, 
Clostridium perfringens. Type C and Clostridium perfringens. Type D; and 

(b) a saponin adjuvant 

In yet anodier embodiment, die invention is directed to a 
35 multiconqxmrat clostridial vacdne ccnnposition comprising: 
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(a) clostridial bacterins or tmoids dmvcd from each of Clostridium 
haemofyticum, Clostridium chauvoei, Clostridium septicum, Clostridium novyi, 
Clostridium sordeUii^ Clostridium perfringens^ Type C and Clostridium perfringens. 
Type D; and 
5 (b) a saponin adjuvant 

Still other embodiments of the present invention are directed to 
methods of preventing or treating clostridial infection in a bovine animal, and 
methods comprising administering effective amounts of the subject vaccine 
1 0 compositions to the bovine animal 

In particulariy prefened embodiments, the administering is done 
intramuscularly or subcutaneously. 

These and other embodiments of the subject invention will readily 
occur to those of oidinaiy skill in the art in view of die disclosure herein. 

15 

PetailcdPcfCTprion 

Hie practice of the present invention will enq>loy, unless otherwise 

indicated, conventimal techniques known in the art of clostridial mioobiology and 

immunology. Sudi techniques are e7q)lained in, e.;., Sterne and Batty (1975) 
20 Pathogenic Clostridia (Butterwordis, Boston); Joint OIE-IABS "Symposium on 

Qostridial Rroducts in VetCTinaiy Medicine" in Developments in Biological 

Standardization, Vol 32. S. Kargcr. Basel (1976). 

All patrats, patent applications and publications cited herein, whether 

siq)ra or ir^a, are hereby incorporated by reference in their entirety. 
25 As used in this specification and the q}pended claims, the singular 

ftwms "a," "an" and "die" include plural refaences unless the content deariy dictates 

otiierwise. 

A, Definitions 

30 In describing die present invention, die following teims will be 

raq>kyyed, and are intqtided to be defined as indicated below. 

By "saponin" is meant any of the ss^genin glycosides found in a wide 

variety of plants, as well as derivatives thereof, which arc capable of increasing the 

potency of an anti^ administered dieiewith. The sapogenin mdety is graeiaDy a 
35 steroid, a tritesrpenoid or a steroidakaloid. Thesugarmoietymay vary greatly and 

can be, e.g.^ a glucose, galactose, pentose, metiiylpentose, among others. 
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A "muldcon^nent" clostridial vaccine composition refers to a 
vaccine derived frona cultures of two or more serotypes of the same clostridial 
spedes and/or cultures derived firom dififcrcnt clostridial species. A multicomponent 
vaccine will generally be derived from 2 to 15 different serotypes or species, more 
5 usually 2 to 10 different serotypes or species^ depending on the diseases in question 
and the subject being treated. 

An "immunogen** refers to a substance that, when introduced into an 
animal, stimulates an immunological response, as defined below. For puiposes of the 
present invration, an immunogen rrfcrs to a whole organism (live, killed or 
1 0 attenuated), a prqHoation separate and disaete from a whole organism with which 
the preparation is associated in nature (e.g a toxoid preparation made by 
inactivating a toxin released from the organism or a protein contained in a cell free 
extract derived from the whole organism), or a molecule containing one or more 
epitopes that will stimulate an immunological response. 

An '^immunological response" to a composition or vaccine is the 
development in the host of a cellular and/or antibody immune response to die 
composition or vaccine of interest, such tiiat clostridial disease symptoms are dtiier 
prevented or reduced. 

By "bovine subject" is meant any of the various cow or ox species, 
20 whethermaleorfcmalc. The term does not denote a particular age. Thus, both adult 
and newborn animals are intended to be covered 

B. General Mftthnrf^ 

Central to the present inventim is die surprising discovciy that stable, 
25 potent, multiconiponent clostridial vaccines can be made witiiout the use of depot 
adjuvants. In particular, the present invention provides for vaccines including rapidly 
dispersed, soluble adjuvants, tiiat is, adjuvants that arc not retained at the injection 
site for a significant period of time, thereby exhibiting low tissue reactivity. The 
vaccines can be administered intramusculariy and subcuianeously witiiout die harmful 
30 side effects and dirwic inflammatniy responses tiiat produce granulomas and 
abscesses, seen with c«her clostridial vacdne conapositions when administered via 
theseroutes. 

Tlievacdnes arc polyvalent, tiiat is. tiiey arc derived from cultures of 
two or more clostridial serotypes and/or from different species of Closoidiunu 
3 5 Accordingly » die immunQgens can be derived from any of die clostridial species and 
seroQfpes tiiereof, depending on the disease or diseases targeted, such as, -but not 
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limited to C. perfiingens; C. septicum; C. teumi; C. chaw^oei; C. novyi; C. sordellii; 
C. haemolyticum; C bomlinwn; and seroQrpes of these species. 

Of particular interest, arc multicomponent vaccine conqjositions 
derived from bacterins of C. chauvoei and toxoids of C. haemolyticum, C. chauvoei, 
5 C. septicum, C. novyi. C. sordellii and C. perfiingens. Types C and D. Such a 

multicomponent vaccine conqxmtion is tenned an "S-way" vaccine hemn because it 
provides icomunity not only against the spedfic organisms identified, but also against 
C.perfringens^TypcB. Anotiier particularly preferred vaccine contains the same 
fractions as above, widi the excq>tion of C. haemolyticum and, hence, is rcfened to 
10 as a 'T-way" vaccine. 

Non-clostridial antigens may also be added to die vaccines to afford 
protection against a wide spectrum of diseases. For example, antigras derived from 
Moraxella bovis, Haemophilus somnus, Pasteurella hemolytica, various respiratcny 
viruses, as well as others, can be added to the multicomponent clostridial vaccine 
1 5 compositions of the present invention for use bovine subjects. 

The clostridial immunogens arc generally provided as toxoids 
(inactivated toxins) and/or as bacterins (killed, inactivated whole cultures) and can be 
piepatBd using conventional mediods, well known in tiie art For example, die 
(sganisms of interest arc grown in a suitable medium under anaerobic conditions and 
2 0 controlled conditions of temperature, pH, and so forth, readily determined by a 

skilled artisan. Suitable media arc generally aqueous solutions of peptones, usually at 
concentrations of 1 to 4% (w/v), which may be fortified with extracts of yeast or 
oigans such as muscle, liver and pancreas, or witfi vitamins and otiicr growdi factors. 
A sugar, such as glucose, is added as a source of carbon and cnCTgy. Redudng 
25 agojts, such as cysteine HO, may also be added in low concentrations, e^., 0.01 to 
0.05% (w/v). Organisms arc generally incubated for 4 to 72 hours, or longer, 
depending on die rate of growth or toxin production of the particular culturc. The 
culturc is thra processed as follows. 

Cultures arc first inactivated uang formalin (Fonnaldehyde Solution, 
30 . USP) at an appropriate concentration, tenq)craturc and pH, for a pcri^ 

days, depending on die particular culture. It is prcferrcd to mininuze die exposure to 
fimnaldehyde. Inactivation kills the bacteria and converts die toxins to harmless, but 
effectively antigeiuc, toxoids. The procedures for inactivating bacterial cultures, arc 
wdl known to, or readily detBrnained by, one of ddll in die art 
35 bacterins are desired, inactivated cultures may dien be left whol&or 

die killed bacteria separated from the medium by i.e., centrifrigation and/or filtering. 
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The cells may be further purified using conventional means, such as by additional 
centrifiigation and/or dialysis. 

If toxoids are to be used in the vaccine compositions, the inactivated 
cultures can be concratrated and toxoids partially purified by salting out from the 
5 filtrate, using ammoniimi sulphate, or by molecular filtration, with or without 
diafiltration. The toxdds can be further purified by dialysis or centrifu 
eliminate salts. Any residual inactivating agent can be partially completely 
neutralized using a neutralizer such as a sodium bisulfite soluticm, added to between 
about 0.1 to 0.25% v/v. See, e.g., U.S. Patent Nos, 3,579.633; 4,264,588; and 
1 0 4,292,307; as weU as Lozano, EA. (1981) Am. J. Vet. Res. 42:1641-1644. for 

procedures for producing clostridial toxoids, aU incorporated herein by reference in 
their entirety. 

The above-described bacterins and toxoids are administered in vaccine 
compositions including a readily dispersible (/.c, non-depot), soluble adjuvant, 

15 thereby avoiding chronic iiritation at the injection site. Such adjuvants include, for 
exan:q>le, mild oil'-in-water emulsions made with mineral oil, such as, for example, 
Amphigen (U.S. Patent No. 5,084,269) and cytokines, such as any of die various 
interieukuis or interfierohs. 

Particularly preferred dispersible, non-dqx>t adjuvants for use with die 

2 0 present vaccine compositions are saponins. Saponins can be obtained commercially, 
fiom, e.g., Bei^^iausm Qnporation, (CSncinatri, OH); Sigma Chemical Co. (St 
Louis, MO), Aldrich (NClwaukee. WI), Alfa (Ward Hill, MA). Alternatively, 
saponins can be extracted ftom any of many plant species, such as from Gypsophilia 
sp., Saponaria sp., QuiUaja saponaria, QuiUaja molina, the galenicals such as 

25 Akebia quinauiy FatsiajapomcOy Caulophyllwn robustum, Hedera rhombea^ 
Clematis chinensis, Pulsatilla cemua, Sapindus mukurossi, Panax japonicum, 
GlycyrrMza glabra, Gfycyrrhiza uralensiSy Pofygala senega, Platycodon 
grandiflorum^ Pofygala tenuifolia, Achyranthes faurieU Achyranthes bidentata. 
Cyclamen europaewn^ Primula officinalis^ Bupleurumfalcatum, Panax ginseng, 

30 Panax notoginseng^ Panax qmnquefolitmi^ among o±cn. Methods for extracting 
saponins from tiiese sources are known in the art See, e.g., U.S. Patent Nos. 
5,057,540 and 4,501,734, as well as International Publication No. W088/D9336, 
incoiponoed herein by reference in tiiear entirety. 

The vaccine coiiQX>ations are genendly fommilated witii a 

35 phaniiaceuticaIlyaccq)tablevelndeorexdpient Suitable vddcles are, for exanq>le, 
water, saline, dextrose, glycen>l,edianoI, or die like, and condnnationstiiereof. In 
additicm, if desired, die vehicle may contain minor amounts of auxiliary substances 
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such as wetting or emulsifying agents and pH buffeting a^nts. Although the 
inactivating agents used to produce the toxoids also serve as preservatives, additional 
preservatives can also be added to the vaccine formulations. Such prcsCTvatives are 
known in the ait and include thimerosal, phenol and phenolic compounds, as well as 
5 antibiotics. Suitable vaccine vehicles and additives are known, or will be apparent, to 
those skilled in die art See, e.g.. Remington's Pharmaceutical Sciences, Mack 
Publishing Company, Easton,Ptniisylvania, 18tfa edition, 1990. Particularly 
prefeired compositions are composed of an aqueous suspension or solution 
containing the clostiidial components, preferably buffered at a pH of approximaiely 
10 7. 

Fn- exanqile. injectable vaccine fonnulations are piq>ared by 
onnbining an effective amount of two n* more of the bacterins and/or toxoids 
prepared as described above, in propOTtions detomined by tiieir assayed antigniic 
content, the exact amount being readUy detcimined by one skilled in the ait Fbr 
15 puiposes of the present invention, an "effective amount" of a clostiidial component 
will be tfiat amount required to generate an amount of circulating antibody sufficient 
to prevent or reduce clostridial disease symptoms. Such amounts can be expressed 
using any of several units. For example, effective amounts of clostridial bacterins are 
usually raqjressed in tcnns of opadty or abswbency units (O.U. or A.U., 
20 respectively). These units are based on tiie optical density (0J>.) of the culture, as 
measured at a suitable wavelength, such as 625 nm. The 0X>. value is then 
multipUed by the volume of the culture in one dose of vacdne. Forexample,an 
antigen dose of three O.U. would be provided by 0.5 ml of culture having an 0J>. of 
sue Effective amounts of loxmds may be measured in teims of L*. AnL+unitof 
25 toxoid is equivalent to one unit of standard antitoxin, as deiennined by toxin- 
antitoxin titrati(M) in mice. (B.C Jansen in Developments in Biological 
Standardization, Vol 32, P. 91, S. Kaiger, Basel (1976). Effective amounts may 
also be measured in mice based on the minimum ledial dose (MLD), the dose that is 
lethal to at least 80% of die mice tested. Effective amounts can also be expressed 

30 widircspea to total combining power (TCP) units, detennined using immunosori)ant 
assays to measure the abiKty of die toxoid in a culnue to blanket and neutralize die 
combinmg sites on an antitoxin molecule of a standardized antiserum. 

EEfective amounts of typical clostridial componaits are as follows: 
C. chauvoei - about 1S4 O.U., preferably about 2-23 O.U., and optimaUy about 

35 2.28 O.U.; 

C. sq>ticum - about 500-2000 MLD. preferably about 800-1200 MLD, and 
optimally about 900 MLD before inactivation; 
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C. novyi ~ about 5000-30000 MLD, preferably about 10000-20000 MLD, and 
opdmally about 15»000 MLD before inactivation: 

C. sordeUU - about 25-100 L+, preferably about 40-60 L+. and optimaUy about 50 
L-f before inactivation; 
5 C. peifiingens. Type C - about 200-500 L+, preferably about 300-400 L+, and 
optinially about 375 L+ before inactivatim; 

C. perfiingens. Type D - about 50-200 L+, preferably about 80-120 L+, and 
optimally about 100 L+ before inactivation; and optionally 
C. haemofyticum - about 150-500 Lf , preferaWy about 250-300 L+, and optimally 
10 about 270 L* before inactivation. Whole C. haemofyticum cells can also be added in 
an amount of about 2-8 O.U., more preferably about 4-5 O.U., and optimally about 
4 J O.U. Additional effective amounts of these and other dostridial antigens will be 
readily detomined by tfiose of skill in die art using standard dose response curves. 

The dispersible, non-depot adjuvant is generaDy added to a final 
15 concentration of between about 0.01% w/v to iabout 0.1% w/v, more preferably 
about 0.03% w/v to about 0.08% wA' and optimaUy to about 0.05% w/v. After 
assonbly, sterile water or another suitable vehicle can be added to the required 
vobmie. The pH is then adjusted, generally to a value between pH 6.5 to 7;5. 
Readual fonnalddiydeccmtentcan be assayed in terais crf'formalin and adjusted, if 
2 0 necessaiy, to not more than 0.3% (v/v), and preferably, not more than 0.2% (v/v), in 
order to avoid die destabilizing dfect of fonnalddiyde on unadsoibed clostridial 
toxoids during long-terai storage. Most preferable, fonnalin content is kept to 0.2%, 
or less, during storage of the vaccine conq)ositions. 

To inmiunize a bovine subject, die vaccine compositions of the 
25 present invention arc generaDy administercdparenteraDy,prefeiably by intramuscular 
or subcutaneous injection. Otfier modes of administration, however, such as 
intraperitoneal and intravenous injection, arc also accqitable. The quantity to be 
administered depends on die animal to be treated, die capacity of die animal's immune 
system to syndiesize antibodies, die degree of protection desired and die particular 
30 dostiidial infection being taigeted R»rexaiiq)le, to immunize catdewidi die 
dostridial vaccine conqioMtions described above, gaicrally between 0.^ 
wffl be administered, more preferably 1 to 5 mL Odier effective dosages can be 
readfly estabfisbed by <Mieof oidinaiy skill in die art duDugh routine trials. 

The sutgect is immunized by administraticm of the vacdne 
35 formulation, in at least cme dose, and preferably two or more doses. However,die 
ammal inay be administered as inany doses as is required to maintain a state of 
immuniQr against dostridialinfecticnL For example, boosters given at regular 
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intervals, i.e., at six months or yeariy, may be desirable in order to sustain immunity 
at an eiSecdve level 

For optimal results, the above vaccine compositions may be 
administered to animals prior to weaning, with a second dose given at weaning age. 
5 Ptegnant animals, that have not previously been vaccinated, can be administered two 
doses, one near the end of the gestation period In animals previously vaccinated, a 
single booster can be administered prior to delivery. 

■Ci Expgrinicntal 

0 Below are exanq>les of specific embodiments for canying out the 

present invention* The examples arc offered for illustrative pmposes only, and are 
not intended to linnt the scope of the present invention in any way. 

EfiKms have been made to ensure accuracy with respect to numbers 
used (e.g., amounts, tempGrannes, etc.), but some experimental enx)r and deviation 
15 should, of course, be allowed for. 



gxamplg 1 

PfCTaration of an 8-wav Multicomncnent dofaridial Vaccine Including a Saponin 

20 An 8-way clostridial vaccine was formulated using C. chauvoei, C. 

sepHcum, C. novyi, C sordelli, C. perfringens Type C and C. perfnngens Type D, as 

follows. (The vaccine is termed an 8-way vaccine because it pixwddes^ 

only against the organisms listed, but also against C. perfringens Type B.) 

The above clostridial species were cultured using tediniques well 
25 known in die art Culniresweremonitoredby measuring die optical density at 625 

nm. When die optical density of die cultures reached a maximum, formalin was 

added to a final concentration of 0.7% (v/v) to 0.8% (v/v). Cultures were dien 

inactivated for approximately 1 to 3 days. 

After inactivation, the C. perfringens cultures were clarified 
30 asq)ticany by centrifugation and stored at 4*^C If necessary, die inactivated, clarified 

cultures were concentrated by ultrafiltration to reduce die culnne volume required 

for serial assembly and to aid in standardization of the product 

In Older to avoid destabilization effects that might be caused by higher 

ftnmalin concentrations in the absence of aluntinum hydroxide gels, sodium bisulfite 
35 solution (37% (w/v) was added to all cultures when processing was completed (i.e., 

after concentration and clarificatim), to neutralize residual free formalin in excess of 

0.2%. 
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The cultures were combined so that each dose of vaccine contained a 
standard amount of each culture fraction as follows: C. chamoei — 2.28 O.U., C. 
septiam - 900 MLD. C. novyi ~ 15,000 MLD, C. sordeUi ~ 50 L+, C. perfHngens 
Type C ~ 375 L+, C.perfiingens Type D - 150 L+, C. haemofyticum - 270 L+ and 
5 4.5 O.U. bacterial ceUs. 

The volume of each culture requiied was detennined by dividing the 
amount of antigen required per dose by die antigen content of die culture used, and 
dien multiplying by die number of doses required. 

For example, the pre-inactivati<m toxin assay of a C. nov^ culture 
1 0 showed it to contain 80,000 MLDAnL the culture was standardized to 15,000 

MLD/dose. The amount of culture required for a 1500 liter serial of 300,000 doses 
was: (15,000/80.000) x 300,000 = 56.25 liters. 

An exemplaiy serial assembly was petfoimed as follows: 

Assuming diat finished culdirc components were available which bad 



20 



the 


following calculated antigen values: 




L 


C. chauvoei 


OD12.0 




C septicum 


3»(XX)MLDAnl. 


SL 


C. novyi 


80,000 MLDAnl 


iv. 


C. sordeUi 


TOWml 


V. 


C perfHngens Type C 


400L+/ml 


vi 


C. perfHngens Type D 


120L+Anl 


viL 


C haemofyticum 


360L+/mlandOD6.0 



A serial of 1500 liters was assonbled fiom the om^ents as shown 

inTaUel. 



Table 1 



Comnonent 


.VoinmcfU) 


C.c/Kitn>oet 


57 


C. sepdam 


90 


C. novyi 


56.25 


C.sordetm 


214 


C. pafiingens Type C 


281.25 


C. perfHngens Type D 


375 


C. haemofyticum 


275 


Total culture voltmie 


1298.5 
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7.5 L sterile saponin solution (10% wA^) 
194 L sterile water 

5 

Total Volume 1500 L 

The adjuvant, saponin, had a final concentration of 0.05% (wAr). the 
fcmnalin concentration of the produa was tested again and adjusted to 0. 15-0*2%. 
10 The fonnalin was the only preservative. ThepHof die assembled soial was adjusted 
to 6.8-7.0. 

Example 2 
Ptotencv of the Multicomponent 

15 qpstridia} Vagging 

An 8-way vaccine prepared as described in Example 1 above was 
subjected to potency tests in rabbits and guinea pigs. USDA standard tests (9 CFR 
1 13.106-.1 12) were used for each organism except C. septicum, for which no USDA 
test exists. In addidon to the standard guinea-pig test, the C. haemolyticum antitoxin 
20 responses were dtrated. 

All the andtoxin titradons were done on the serum firom a single batch 
of vaccinated rabbits. At least eight rablnts, weighing four to eight pounds, were 
injected subcutaneously with one-half of the catde dose, twice at an interval of 20-23 
days. The rabbits were bled 14 to 17 days after revaccinadon. Serum from at least 
25 seven rabbits was pooled and the different andtoxins assayed. 

As Table 2 shows, die product met or exceeded all die potency 
standards. The C. haemolyticum component performed vciy well in both the ofBdal 
guinea-pig potency test and die unofficial andtoxin-response testin rabbits. 
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Example \ 

Preparation of a 7-wav Mulricomponent nof^trif^i^l 
Vaccine Including a Saponin Ar^jiivanr 
A 7-way muldcomponent clostridial vaccine was prepared as 
5 described in Example 1, except that the C. haemofyticum component was not 
included in the formulation. Hiis vaccine was conopami with an identical vacdne 
with no adjuvant, as well as with a commercially available multicomponent clostridial 
vaccine, Ultrabac 7 (SnuthKHne Beecham), which includes 25% A1(0H)3 gel as 
adjuvant, in studies of local reacdons in cattle, antibody responses in catde, and 
1 0 antibody responses and protection against an infective challenge in guinea-pigs 

A. Safety 



Study 1. Ten cattle were vaccinated subcutaneously with 5 ml of each of the 
three vaccines, at sq>aTate sites, twice at an interval of 4 weeks. The injection site 
1 5 reactions of the cattle were observed four and six weeks following revaccinaticHi. 
The results are shown in the following tables. 

Tablg3 

IniCCtion-SitC Reacrions of Cattle Given Mnlriple Iniecrions of nostridial 7-wav with 
20 DiffCTsnt Adjuvants 4 Weeks after Revaccinarinp 



Adjuvant 


Number 
Reacting/ 
Total 


Worst 
Reaction 
(cc)* 


Average 
Size 

Reaction 
(cc)* 


Average 
Reaction 
Per Group 
(cc)* 


Al(0H)3gel 
(UltrabacT) 


9/10 


3Z5 


10.0 


9.0 


Saponin 


mo 


0.0 


0.0 


0.0 


No Adjuvant 


mo 


0.0 


0.0 


0.0 



* Volume = (n/24) xdq>th (3 xdiam^+4 x depth^)cc 
35 (Dome of constant curvature) 
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Table 4 

IfliCCtiQn-Site Reacrions of Cattle Given Miilriplft Tn i ections of Hostridial 7-waY w ir^ 
Different Ad^iivflnts y^eeks aftw RK vaccination 



5 



Adjuvant 


Reacting/ 
Total 


Wnrct 

Reaction 
(cc)* 


Average 

Cf<W 

dize 
Reaction 
(cc)* 


Avoage 
Keacdon 
Per Group 
(cc)* 


Al(0H)3gcl 
(Ultrabac?) 


6/10 


16.5 


5.2 


3.1 


S^nin 


0/10 


0.0 


0:0 


0.0 


No Adjuvant 


0/10 


0.0 


0.0 


0.0 



* Volume = (11/24) x depth (3 x diam-* + 4 x depth2)cc 
(Dcnne of constant onvature) 



20 As shown in Tables 3 and 4, Ultrabac 7, which contains 25% v/v aluminiraj 

hydroxide gel, when injected subcutaneously into cattfe, induced local reactions. TTie 
catfle exhibited worse reactions to the second dose, the first dose evidently having 
sensitized the animals. The tables provide the swdling volumes diat resulted ftom 
the second dose, as measured at 4 and 6 weeks. The reactions were chronic in 6 of 

25 die 10 cattle, still being measurable at 6 weeks. TTie odier two vaccines witii saponin 
alone w no adjuvant, induced tranaent swellings for a few days. There was notiiing 
detectable at die injection ates widi eitijcr vaccine at 4 ot 6 weeks. None of die 
catde diowed any odier clinical signs, local or systemic. 

30 2tud:i2^ Forty catde (20 beef and 20 dairy) were vaccinated widi an 8-way 

dostridial vaccine containing s^xmin as adjuvant, made as in Exanq>le 2, The catde 
were vaccinated widi 5 ml deq) in the round (ham) twice at an interval of 2 weeksl 
Ten animals, five of each kind, were slaughtered 30 days after the second dose, and 
another five were slaughtered 61 days after die second dose. The injection stes were 

3 5 dissected and samples removed for histqpathology. 

A narrow band of fibrous scar tissue was found running vertically widiin die 
injected muscle in every case. The lengdi of die band was 5 to 10 cm. The bands 
averaged about 1 cmin dudaiess at 4 to 6 weeks. By 9 to 11 weeks most of die scar 
tissue had dis!q>peared and was replaced by normal muscle. At diis stage, the scar 
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tissue was in the fann of a flat ribbon that was difficult to detect and to distinguish 
firom the nomial fibrous tissues in the fasdal planes between the muscles. 
Histqiathology confiimed the purely fibrous nature of the reaction and showed no 
evidence of pus or abscess fcnnation. Such slight scaning is unlikdy to be detected 
5 <xr to lead to trim loss at the slaughter house. 

Study 3. To provide evidence of the difference in reactivity on subcutaneous 
injection, cattle were vaccinated behind the shoulder, over the rib cage, twice at an 
interval of 21 days. The second dose was given 15 to 20 cm behind the fiisL Five 

1 0 were vaccinated witii 5 ml of Ultrabac 8 and five with 5 ml of the 8-way vaccine 
containing saponin used in study 2. During the first week, the product with saponin 
induced diffuse flat swellings smaller than those induced by Ultrabac 8. By2to3 
weeks, die swellings induced by the product with saponin had almost completely 
disappeared. TTie swellings induced by Ultrabac 8 became more compact and 

15 circumscribed, having the sqjpearanoe of a hen's egg planted under the skin. These 
showed little resolution at 5-1/2 weeks. At tiiat time the injection sites of die saponin 
product were completely undetectable. 

The cattle used in diis study were pure or cross-bred Aberdeen Angus or 
Herefoids,q)aitftom one calf considered lobe of die Oiarolais bleed. Thiscalfwas 
20 vaccinated widi Ultrabac 8 and it was die only calf in die Ultrabac 8 group diat foiled 
to react as described. 



B. Antibody RespoiiCT;.; 

Groups of 8 cattie were vaccinated subcutaneously witii die 7-way vaccine 
containing ssqwnin, or Ultrabac 7, or were left unvaccinaied as negative controls. 
The vacdnatBS were injected witii 5 ml, twice at a 4-week interval, and were bled at 2 
weeks and again. 3 months later. Then- antibody responses are shown in Tables 5 and 
d Guinea pigs were similariyvacdnaied and die results shown in Table 7. Ascanbe 
seen, die guinea-pig antibody reqwnses support die cattie results. This study also 
showed diat sapman was better duui Al(OH)3 gel (Ultrabac 7) in protecting guinea 
pigs against vimlent challenge in die USDA standard potency test far C. chauvoei. 
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TTius, novel multicomponcnt clostridial vaccine compositions using saponin 
adjuvants^ and methods for administering the same, arc disclosed. Although 
prcfened embodiments of the subject invention have been described in some detail, it 
is understood that obvious variaticms can be made without departing from the spirit 
5 and the scope of the invention as drfincd by the appended claims. 
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Claims 

L A muldcomponent clostridial vaccine conq>osition comprising two or 
more clostridial immunogens and a rapidly dispersed adjuvant 

Z The vaccine composition of claim 1, wherein said adjuvant is saponin. 

3. TTic vaccine composition of claim 1 wherein said clostridial immunogens 
comprise two or nx>re clostridial bacterins or toxoids. 

4. The vaccine ccnnpositicHiofcIaim 3 wherein said two or nuxre clostridial 
bacterins or toxoids arc derived from the group of Clostridia consisting of 
Clostridium perfringens, Clostridium septicum, Clostridium tetani, Clostridium 
chauvoei, Clostridium novyi, Clostridium sordelUi, Clostridium haemofyticum, 
Clostridium botulimmu and sero^pes thereof. 

5. The vacdne composition of claim 3 wherein said composition comprises 
clostridial bacterins or toxoids derived from each of Clostridium chauyoei, 
Clostridium sepdcum, Clostridium novyi, Clostridium sordelUi, Clostridium 
perfringens^ Type C and Clostridium perfringens. Type D. 

6. The vacdne composition of clahn 3 wherein said composition comprises 
clostridial bacterins or toxoids derived from each of Clostridium haemofyticum, 
Clostridium chauvoei. Clostridium septicum, Clostridium novyi, Clostridium 
sordeim, Clostridium perfringens. Type Cand Clostridium perfrtngens. Type D. 

7. A niulticonqwnent clostridial vacdne con5)osition conqmsing: 

(a) clostridial bacterins or toxoids derived from each of Clostridium chauvoei, 
Clostridium septicum, Clostridium novyi, Clostridium sordelliU Clostridium 
perfringens. Type C and Clostridium perfiingens. Type D; and 

Q)) a s<q>onin adjuvant 

8. A multicoiiqionentdostridial vacdne conqx>sitionconq>rising: 

(a) dostridial bacterins or tcncoids derived from each of Clostridium 
haemolydcumy Clostridium chauvoei^ Clostridium septicum^ Clostridium novyi^ 
Clostridium sordeUu, Clostridium perfringens. Type C and Clostridium perfiingens, 
Type D; and 

(b) a sq>onin adjust 
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9. A method of preventing or treating clostridial infection in a bovine animal, 
said method con^nising administering an effective amount of the vacdnc composition 
of daim 1 to said bovine animal 

5 

10. A inediod of preventing or treating clostridial infection in a bovine 
animal, said method compiising administering an effective amount of the vaccine 
compodtion ci daim 7 lo said bovine animal , 

II- A mediodofprcventing or treating clostridial infection in a bovine 
animal, said method comprising administering an effective amount of the vaccine 
composition of daim 8 to said bovine anima T. 

12. The nnetfiod of claim 9 wherein said administering is done via an 
15 intramuscular injection. 

13. The method of daim 10 wherein said administering is done via an 
intramuscular injectfon. 

20 The naedwd of daim 11 wherrin said administering is done via an 

intramuscular injection. 

15. njemetfiod of daim 9 wherein said administering is done via a 
subcutaneous injection. 

25 

16. The method of daim 10 wherein said administering is done via a 
subcutaneous injecticm. 



17. Hk method of daim 1 1 v^erein said administering is done via a 
30 subcutaneous injectioii. 
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